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Tube No! 


Fige 4A = Push Pull connection of two vacuum tubes 
arranged to duplicate the circuit of Fig. 1A 
but deliver twice the power to ihe load and 


reduce harmonics. 7 | | 74 
Fig. 48 - Plate current flicks similar to that shown 


in Fig. 3D. Tubes 1 and 2 operate alternately and 
produce the resultant A.C. wave in the secondary or 
load circuit. 


Fig. 5 - Since tg the grid current is a convenient measure 
of the excitation, the graphs show for any given power 
amplifier the changes which occur in the various 
sections. 
NOTE carefully the shapes of the curves and the aanner 
in which they rise or falt. 


Fig. & = Curve showing the variation of efficiency 
of power transfer with ratic of self impedance 
of the unloaded tank circuit divided by impedance 
reflected by the load. The optimum vatue Js 
usually taken as four times the anode resistance 
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Fig. th Negative HT. Fig. 18 ~ Grid Blocking _ Fig. 1C - Cathode Keying. Fig. 10 - Getd Blocking 
| | - Keyin = Keying with over Bias. 


HICH VOLTACE. 


eunae 
al ae keying for 
pentodes The 
resistance R should 
be high enough ‘to give 
cut-off with the key 
 pafsed. From 10,000 to 
> oe ohms is a suit-— | | 
ipa a mae te? | ace pe “ t 


7 i - 
=e. 2 wee Sl ae 
cca ri a) = 


ie 


a 
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“a 
a_i ee 


ere ~ 
~~ a , 


oe ba transforaer 
To suppl . 
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Fig. 4 - - Grid controlled rectifier ‘circuit. 


A - Koning cue’ ahich will Ci 
not cause local interference 
B 8B -~ Keying waveshape using no 
keying fitter. . 
C- Peaky waveshape resulting 
from poor regulation in the 
H.T. supoly 


L 5 to 20 Henrys depending 

upon the load. 
eee : : R Approximately 1,000 ohms. Sashes 
Kets | | : Para Fig. & ofA valve keying circuit using 
Fig. 6 = A common type of keying filter. mercury Vapour rectifier as keying re 
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OPTICAL AAS 


Axis 





Fig. 2 = Sections of a crystal showing 
how X and-Y cut blanks are obtained. 
Fig. 1 = Natural Quartz Crystal 

showing hexagonal faces. 
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Fig. 3 = Action of a crystal under 
the influence of A.C. notentials. 





Fig. 4 = Typical Crystal Holder of the Fig. 5 = Method of obtain- 


direct contact type. ing an AT cut crystal. 
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Fig. 6 - Graph showing thicknesses of 

the three types of crystal cuts for 

different values of operating fre- 
quency. 





Fig. 7 = Crystal Oven with valve operated Constant Temperature 
control. - 
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Fig. 20 = Oscillator with the tuning 

reaoved from the grid circuit te the 

plate circuit to reduce harmonics in 
the output. 


Fig. 23 = Colpitts circuit showing 


how grid excitation is obtained by Fig. 24 ~ Practical Colpitts 
tapping capacities. circuit using shunt feed. 


Fig. 26 = Theory of operation of the T.P.1.6. 
oscillator. R.F. voltages buflt up in 
the right tuned circuit set the left tuned 
circuit into oscillation through the couo- 
( i ng condenser §.P. 


Fig. 27 = Practical series feed tuned plate tuned grid 
oscillator showing how the feed back of energy occurs 
through the orid plate electrode capacity shown by 

the dotted lines. 


OSCILLATORS. 


. Fig, 22 = Practical Hartley 
Fig. 21 = Hartley circuit circuit using series 
showing how grid excitation feed. 

is obtained by tapping the cort. 


Fig. 25 = Practical Hartley 
circuit using shunt feed. 


Fig. 28 - Series electron coupled tetrode oscil lator. 


Compare the circuit with the Hartley shown in 
Fig. 25. Note that the output section is sep- 
arate from Hartley driving circuit. 
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Fig. 1 = Circuit containing y a ‘ € Fig. 2 ‘tastttten: sitio a ae 3 = The condenser has discharged 
connected by a 2 way switch to a bat- the moment of throwing the switeh the energy and it now exists in the 
tery so that the top plate of the con- § to bd. ‘The energy is Ber ~ % form of a magnetic field about the 
denser C is positively charged. a Ss in the electric field. : a coil L. 


Nal ; _ 7 on a eS / i a 
Fig. 4 = As the lines of wee ore / ay wh gy 6< The collapsing magnetic 
force about L in Fig. 3 collapse, they Fige <2 C aecharsn ta" a Banner lines: about L in Fig. 5 generate 
generate a voltage which is in the dir- similar to Fig. 3, but. the revers- a voltage which recharges the con- 
ection of the original current. ed current causes a reversed Field. denser C of opposite polarity to 


_ that in Fig. 4. 
: | | | | J | \| \ 
. = 8 ; \] i" ee 4 ae paar . : 


Yo we Ps : 
Fig 0 = uct itaton hx se. a a cto containing no 


- 


a # 4 ie hie 2 on? 
s 


shh 7 - ampli tude of the eAtiles current resistance. The he frequency of ‘the osei Ulations always be 
or voitage with time. Note that the ae ‘ ae 7 fete | bly 
R in Fig. 1 to 6 causes losses end the «2s 

Wave soon dies away. 


De Supply Mier he “besa 
Figs 10 = Schematic diagran of wl ee 11 = An amplifier with feed 
amplifier, having an amplifying back. =One unit of input still prod- 
factor of 5. With 2 units input the, uces the cote of (0. 
area is (0 units. Pe 


Fig. 9 = Circuit of 2 tees howler. Ifa microphone | 
and receiver are arranged as shown, a continuous howl | : 
tou produced. The energy wilt be supplied from the D.C. Supply 
The amplifier with 2 units of feed back forms a self 


oscillator and continues to supply the output of 10 
units, even when the original fnput of 2 disappears. 
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p 
Fig. 13 = Actions occurring in a triode coasts amas Gea Silkne ‘ona epee 
fed by a sine wave input sional of iN Plate 
E. volts. There being no bias every : . 2 a 
positive alternation of grid input ee eas ie ae Mayes 
voltage produces a half cycte of rect- Grid current Characteristic Curve 
ified grid current. — Grid } Waves 
Simultaneously the plate current wil! 4 ae | atten . actin 
change according to the orid volts SSSTUIG SENS VOCS SSISTVS GENE VOLS 
plate current characteristic curve 
and the plate voltage will vary be- Ns 
cause of the drop in the output load | S 
resistor Ro. IE @ ‘the relative sizes of the output waves 
2 ( IS = to given input waves are governed 
the input A.C. signal to the grid is superimposed =| F = _ by the slopes of the Eo/Ip curve 
on the existing value of zero grid volts so that e * 3B and the Eg/Ig curve. 
the positivo (+) alternations cause a rising of =| ; = 
plate current and grid current and the negative (-) <= | = 
alternations produce a decreasing plate current 5 = 
and no grid current. The plate current I, and the s | 
grid current |, are to the same scale of willianps. | 
Ly 
Ea 
Plate Current No Signal 
changes Input condition 
ly 
0 
, Time | 
Outside Load T : Plate voltage No Signat 
Changes input condition 
| 'p 
: 0 
Tine 
+ 
'g | Grid Current Flicks yg Stonal 
Input condition 
0 
Time 
Fig. 14 ~ Cirewit disorar for the curves 
produced in Figs. 13 and 15. + 





Grid voltage 
changes 





No Signal 
input condition 









Fig. 15 = (at the right) shows the individual curves E, 0 
of Fig. 13 arranged above each other for phase 

comparison. This should be studied carefully © 

because it determines the principle of correct | 

feed back polarity te produce self oscillation | 

in a valve. 
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Fig. 16 ~ A tuned grid circuit auplifier arranged 
with magnetic feed back froe the coil which 


carries the pulsations of the plate or anode Fig. 17 = There being in bias the initia 
circuit. If these are phased correctly so that static conditions are the same as for Fig, 13. 
they agsist the prevailing tendancy to amplify The sudden closing of the plate circuit 

as in Fig. 11 and the feed back is sufficient starts the building up cf a wave train which 
then the valve maintains itself in a state of grows till saturation and cut off are reached 
self oscitlation Fig. 12 at a frequency determined in the output circuit and the distorted wave 
by the L.C. values in the grid circuit. results. Grid current flicks are not show. 


y ern 
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eee 
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ee ae 
le 
——_—$ $$$ J 
eerie ee 
Fig. 18 = Circuit similar to Fig. 16 except that 
the circuit is a practical one in that it uses 
the voltage drops down the ofid leak as grid Fig. 19 = Building up of self oscillations 
bias and se reduces the plate current to a very in the circuit of Fig. 18. Note the re- 
much loner value than that shown by the average duction in average plate current and con- 
line ie Fig. 17. sequent cooler operation of the valve plate 


or anode. 
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Fig. 20 = Oscillator with the tuning 
resoved fro the grid circuit te the 
plate circuit te reduee harmonics {in sis, We lResttek® Wart 
: g. 22 = Practical Hartley 
ee SOE Fige 21 = Hartley circuit circuit using series 
showing how grid excitation feed. 
is obtained by tapping the coil. 





Fig. 23 - Colpitts circuit showing 
how grid excitation is obtained by faq, 24 ~ Practical Colpitts 
tapping capacities. haait using shunt ssca Fig. 25 = Practical Hartley 
circuit using shunt feed. 


# cule < 


Fig. 26 = Theory of operation of the T.P.1.6. 
oscillator. R.F. voltages built up in 
the right tuned circuit set the left tuned 
circuit into oscillation threugh the couo- 
ling condenser 6.P. 





Fig, 28 - Series electron coupled tetrode oscillator. 
Compare the circuit with the Hartley shown in 
Fige 25. Note that the output section is sep- 
arate from Hartley driving circuit. 





Fig. 27 = Practical series feed tuned plate tuned grid 
oscillator showing how the feed back of energy occurs 
through the orid plate electrode capacity shown by 

the dotted lines. 
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Fig. |. Gutton-Touly or Fig. 2. Theoretical Circuit of 

Ultraudion Type of Oscillator the Ultraudion Oscillator. 

showing how L and C is reduced | 

to a minimum. 
Fig. 3. Push-pull Ultraudion 
or Hesny Osct! lator. 
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+H.V.on MODULATOR 


Fig. 4. Parallel Rod Type of push-pull Oscillator ed arty Cs Sores 
using Transmission lines in place of the usual L and © Fig. 5. Concentric Transmission line used in 
C and resulting in great frequency stability. the grid circuit to stabilize ultra high 


4 Frequencies. 


a 


SHIELD | 


i; Fig. 7. Theoretical circuit of a 
Barkhausen Kurz Oscillator using 
filament chokes. 


FILAMENT ~ 


Fig. 8 Action of the 
tite | electron flow in the 

nd . | Barkhausen Kurz Oscillator. 
Fig. 6.  Barkhausen Kurz U.H.F. Oscillator. The The electron movement time 
sirouit is similar to Fig. {, but the plate anode is F = determines the frequency. 
ran at a lover voltage than the grid- 
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SPACE FOR CRYSTAL 






Fig. 8 = Construction of a variable air 
gap Crystal holder. 


i, 


3 5 #1000 


Brea 01 02 OS 0A 
Air -Gap_ millimeters 
Fige 9 = Variation in operating 
frequency in terms of air gap 
used, 


Fe. 





Fig. 10 = Simple plate re- 
Fige 11 = Untuned grid 
action coil oscillator with 7.004 plate oscillator. 


tuned grid 





Fiye 12 = Path of feed back of energy from 


a plate tuned circuit. 





TUNED-PLATE 2 
TUNED-GRID -HY. t 


Fig. 13 = Tuned plate Tuned orid Oscillator 
making use of the princtple shown in Fig. 12. 














QUARTZ CRYSTAL OSCILLATORS 2. 
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Fig. 14 = Equivalent Electrical circuit of a 
crystal showing change of reactance values 
with frequency. 





Fig. 15 = Crystal operated in the grid/cathode 
circuit. 





‘— 


Fig. 16 = Crystal operated in the anode grid 
circuit. 





PENTODE +5G +H. 


Fig, 17 = Crystal operated in the 
grid/cathode circuit of a pentode. 





PUSH-PULL 
PENTODE 


+56 = OHV. 


Fig. 18 = Push pull variation 
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The HF. choke is universally recognised as a device which offers a high 
impedance to radio frequency « urrents without introducing appreciable D.C. re-. 
sistance into the circuit in which it is connected. As to the manner in which 
this desirable result is achieved there is considerable divergence of Opinions 
The explanation generally given is that the HF. choke is essentially an-induct- 
ance, and that its impedance is therefore proportional~to the frequency or inverse- 
ly proportional to the wavelength. 


The conception of the HeF. chok? as an Bacetnas arose by analogy with 
the low frequency choke which was a commonplace in electrical engineering long 
before its high frequency equivalent was though of, The reactance of such a 
choke at the frequencies used in™power envineering is inductive, and the effect 
of any capacity it might have is not important at low frequencies but at radgc 
frequencies the association of capacity and inductance can mean only one thing - 
resonance. When it is realised that the capacity across a choke is raised by 10 
or 20 micromicro farads immediately it is inserted in a receiver anode circuit by 
the output capacity of the valve, there can be no » Lenese any doubt that every 
HF. choke resonates at some Pena are 


| @ fe 
ae 
7° | 


Figure 1 - Curve showing variation of Eepeans with frequency of a typical - 
single-slot-wound HeF. choke; external capacity SLE. 


Having satisfied ourselves that a choke is a resonant circuit, from figure 2 it 
is obvious that it is a parallelresonant circuit. In other words any H.F. cur- 
rent which flows is divided between the capacity branch and the inductive branch 
with its resistance. In a series resonant circuit the current is the same in all 
parts of the circuits but in parallel resonance the currents in the two branches 
may be widely different off resonance. Actually the current is greatest in the 





Melbourne Technical College 


Resonance in the Anode Circuit and Miller Effect. 2. 


inductive branch at frequencies below resonance and it is not until the frequency 
exceeds resonance that the greater current transfers to the capacitive branch, 
Figure 5 illustrates this point diagrammatically. On the left hand side of re. 
sonance the impedance of the choke may be represented by inductance and resistance 
in series, and on the right hand side by a capacity and resistance in series, 

Most chokes are worked at frequencies above resonance so that aS is the self 
capacity which does the choking and-not the Sano NAnCes 


SS 
oy 

oO 

cS 
— 
a 


| | F REQUENCY —————> 
Fige 2 - Circuit showing 

valve capacities which 
influence the performance 
of an HF. choke. 


FPige 5 - At frequencies abcve resonance an 
HeF. choke functions principally as a é¢ap- 
acity and at frequencies below resonance 
as an inductance. 


In figure 2 the anode-filament capacity Caf is in parallel with the choke 
and merely tends to lower its resonant frequency but the anode-grid capacity Cag 
serves to transfer H.F. energy back to the grid. The phase of the HF. voltage 
returned to the grid in this way will depend on whether the choke is being worked 
on the capacitive or inductive side of resonance. This effect is know as 
"Miller Effect" which may be briefly outlined as follows:- 


The input impedance of a valve is not dependent solely upon the grid to 
filament inter-electrode capacity and the actual amount of impedance connected 
between grid and filament but is also dependent upon the character of the anode load — 
impedance. If the anode load impedance is resistive in character, there will be 
reflected to the grid circuit an impedance which is capacitive. If the anode toad 
impedance is inductive (e-ge a tuned circuit which resonates at a higher frequ 
than the anoue current A.C. component), there will be reflected to the grid circuit 
an, impedance which will be resistive but of negative character. If the anode load 
is capacitive (e.g. a tuned circuit which resonates at a lower frequency than the 
anode current A.C. component), then an impedance which is resistive but of positive — 
character will be reflected to the grid circuit. This can be represented as in 
Figures 4 to 8:- 
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Resonance in the Anoae Circuit and Miller Effect. 


an ANCE CURVE NON toon RESONANCE CURVE 
OF TUNED CIRCUIT - SHUNTED py / /\\ OF TUNED CIRCUIT ALONE. 
REFLECTED CAPACITY. fp eyes | 
7 a : - > a 


1020 1040. 1060 


 “‘Bige 4 & 5 - When the anode circuit 
is resistive, capacity is reflected to the 
grid and the grid is detuned. 


The effect in the arid circuit of these various conditions of reflected 
impedance can be stated to be as follows: - 


In the case of reflected capacity (Fig 4) the resonant frequency of the 
grid circuit will be altered, resulting in detuning of the stage. If positive re- 
sistance is reflected, (Fig 6), serious damping of the grid circuit may result. 

If negative resistance is reflected (Fig. 7) it will, if its value becomes less 
than that of the damping resistance of the grid circuit, cause the stage to oscill- 
ate with no coupling from anode to grid other than the anode/grid inter-electrode 
capacity. These conditions are clearly shown by Fige 8 The zone of oscillation 
(shaded) occurs between frequencies of 975 K.C., and 998 K.C., when the parallel 
reflected negative resistance is less than the value of Rg, thereby neutralizing 
all damping resistance in the grid circuit. It is clear than oscillation could 
be yak aat by making the value of Rg less than the reflected negative resistances 
Certain famous manufacturing firms achieve stability by connecting a carbon resist- 
ance between grid and cathode. 


alld ial aia ta abe Me 
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Fige 6 =- When the anode circuit is 
detuned with more than the capacity 
required for resonance, ieé, the 
anode circuit is capacitive, positive 
resistance is reflected and thus in- 
creased damping will occur in the grid 
circuit. 


ee 
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Resonance in the Anode Circuit and Miller Effect. 


HHOOOG 


CAPACITY LF 


ZONE OF OSCILLATION |: 


1020 1040 1060 


Figures 7 & 8 - 


When the anode circuit is detuned with less than the capacity 
required for resonance, ieee, the anode circuit is inductive, negative 
resistance is reflected. Oscillation will occur if the negative re- 
sistance is less than the grid resistance. The shaded zone gives the 
range of frequencies at which oscillation will occur. 


ixperiment with the circuit of Figure 2 gave results as indicated in 
Figure 9 the shaded zone again referring to the frequencies at which oscillation 
occurred. The relationship of these frequencies to the curve of the choke with 
the output capacity in parallel demonstrates the preceding discussion. 
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Resonance im the Anode Circuit and Miller Effect. 
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IMPEDANCE OHMS 


It is the correct choice of operating conditions from these ‘ 
principles that enables a T.A.T.G., oscillator to operate as a self osc 
lator and prevents an R.F. amplifier from breaking into oscillation. 
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‘Fig - suate absorp- Figs. 44.8 B. - Absorption 
tion modulation. Wodulation for dealing with 
higher R.F. Power. 


Fig. 6 - Heising Modulation on a 


a} 51 K ation Girt Aah cade 
| Fig.5 ~ Heising Model ation on an self excited oscillator. 


R.F. amplifier wen ge 
(a) 0 % Modulation a a ee 
(b) 54 
(c) 100 
(d) US ¢ 


we - 
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Fig. TA - ea steg Principles: Class A Amplifier 


F 7, T- = Prtnetple of Constant 
Current or Heising Modulation. ae working into a 7500 ohm loudspeaker load. 
‘ _ Class C Amp. Ant 
ola 


~¢ B +8 
+c 500 v. 
Fig. TA - Heising Principles: Same as 7A 
but working into a resistive load. Fig. 7C - Heising Principles: Resistive Load of 7B replaced: 
by reflected plate load of Amplifier. 





—— -_————— _______ — 


The Melbourne Technical College. 





Fig. 7D - Standard choke circuit showing how the 
7500 ohms load of 7e still exists in practice. 





Fig. 9 ~ Transformer coupled plate mod- 
ulation showing how speech volts are added 
to the plate supply of the R.F. valve. 


R F AMPLIFIER 





Fig. Il - Telefunken or Grid Bias Modulation 
The modulator valve acts as a variable grid 
leak for the R.F. valve. 
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Fig. 8 = Typical Heisit neg Nodutator. 


CLASS € RF AMPLIfER 





Fig. 10 - Series Modulatin showing the R.F, 
tube and the sodulator ins-eries. 
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Fig. (2 - Hawking *®BC* Grid! odulation 


compared with with ordinary brid nedultton: 
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2 
eae nes 7 (e) Circuit for Grid Modulated 
a: : Class C Amplifier 
| meee; Fig. 14 - Theoretical circuit for Grid 
ct) ae Modulation. 
7 ow 
) = ; | é (2 wes 
i ase ; curorr 
~_ “ae a 
ne TO, Fig. (3 = Ordinary Grid Modulation. Compare 
ae iene : with Howkin's ®R.C.* type. 
on . BUFFER FINAL AMP 
ps , oe 
an 
= rede = . 
2 Fig. 14 - Egy Curve showing ; 
(° >, ae on: fa the PR. F. Amplifier. 
f MM 
a! MODULATOR 
: a Snail 
, ‘ {b) Signal to be Modulated on Carrier < F i 
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. Cute? 
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be ae i: Vothowe we nines Fig-(5 ~ Cascade Screen Grid Modulation used when a tetrode is the 
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eo Fig. 16 - Plate & Screen Modulation on a tetrode R.F. Output st 
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Fig. {9 - Curves showing Cathode 
Modulation (See text for 
details). 





Fig. (7 - Suppressor Grid Modulation used 
when the R.F. Output tube is a pentode. 





Fig. (8 - Cathode Modulation showing how modulation 
is applied partly as arid and partly as plate modulation. 


CONVERSION EFFICIENCY 35% 20 KW. 


CONVERSION EFFICIENCY 70% 10 KW. 





Fig. 20 - High Power Modulation. 


Fig. 21 - Low Power Modulation 


Comparison between the two methods of applying modulation (See text for details). 
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Fig. 3. Vibration of 
— a string showing now it 
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SECOND HARMONIC can QPate and enit q 


SSS fundamental tone if held 


THIRD HARMONIC et the ends and second 


harnonics if it is held \ 
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in the centre and higher 
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Fig. |. Sine wave showing FIFTH HARMONIC harmonies if held as 
relationships, 8 to F or § to K Sl ———SS SS shown. 
Z is a cycle. P to Q is a half~ . 


cycle, B to P Amplitude. 





(a) ' u : : e ’ 
PURE SINE WAYE FUNDAMENTA’ c (0% VIS. SEG} 


O™°> DA A 


~ }¥---One cycle --- 


PIANO C (56 viB. SFC) 


ahr ake 


CELLO PIPE ORGAN C (56 viB. sec) 





Fig. 2. Comparison between one #) 

wave and another of touble the 

frequency or half the wavelength TROMBONE ORGAN PIPF ~ (56 vie sec) 

altheugh of equal amplitude. 
Fig. 4. Composition of an impure Fig. 5, Comparison between 
wave 2s shown at (d). (a) is the @ pure sine wave and the 
lowest and therefore the fundamental notes emitted by various 
frequency. (b) is the second harmonic musical instruments having 
and (c) the third harmonic. the same fundamental 

frequency. 
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Fig. 6. Concentration of scund waves 
by reflection from a concave surface S-S. 


Fico. 7. Reflection of sound 
waves from a smooth flat surface. 
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Fig. 3. Construction of a headphone — hae of oe | 
showing the electromagnets, the permanent Figs 4e aikcot ‘the étaneage with 
magnet and the aert iron diaphragn, shi nge in: al magnetc ‘field ade up of 
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Fig, 5. Connection fac: a Lay i headphones. ‘Bach coil is normally te Aig. 6. Arrangement of a 
500 ohms and all Four are in series making a total of 2,000 ohas. — The iF. 7 typical pair of headphones 
ear pieces must be phased correctly otherwise the novenents are not ae .* Showing adjustable headband 
assisting each other. | eo and tinsel cable cords. 
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Operation and sections of a telephone plug and jack. 





